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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface acoustic wave filter that has a 
miniaturized reflector resulting in being entirely miniaturized, has less dispersion 
in a group delay time characteristic and utilizes a Love wave. 
SOLUTION: This surface acoustic wave filter 1 utilizing a Love wave where at 
least one of IDTs 3, 4 and reflectors 5, 6 are formed on a piezoelectric substrate 
1 and the IDTs 3, 4 and the reflectors 5, 6 are configured by using a metallic 



(51)lntCI. 



material whose density is liiglier tlian tliat of aluminum. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The surface acoustic wave filter which it is formed in said piezoelectric 
substrate with a piezoelectric substrate and at least one IDT formed in said 
piezoelectric substrate, and it has at least one reflector made to reflect the 
surface wave excited by said IDT, and said reflector consists of aluminum using 
the metallic material with a big consistency, and uses an SH wave as said 
surface wave. 

[Claim 2] The surface acoustic wave filter which it is formed in said piezoelectric 
substrate with a piezoelectric substrate and at least one IDT formed in said 
piezoelectric substrate, and it has at least one reflector made to reflect the 
surface wave excited by said IDT, and said IDT and reflector consist of aluminum 
using the metallic material with a big consistency, and uses SH waves, such as a 
Love wave, as said surface wave. 

[Claim 3] As said IDT, it has an input side IDT and an output side IDT. As said 
reflector It has the 1st and 2nd reflector which separated predetermined distance 
in the surface wave propagation direction to the input side IDT and the output 
side IDT, and has been arranged, respectively. It has further the multistrip 
coupler prepared on the surface-wave propagation path between said input side 
IDT and output side IDT, and said 1st and 2nd reflector. The surface acoustic 
wave filter according to claim 1 or 2 which this multistrip coupler consists of with 
the metallic material with a bigger consistency than aluminum. 
[Claim 4] As said IDT, it has an input side IDT and an output side IDT. As said 
reflector In the surface wave propagation direction, predetermined distance is 
separated to an input side IDT and an output side IDT. So that it has the 1st and 
2nd arranged reflector, respectively, and it may be reflected with the 1 st and 2nd 
reflector, respectively, and the SH wave excited by the input side IDT may pass 
along the propagation path of a Z character mold and may spread to an output 
side IDT The surface acoustic wave filter according to claim 1 or 2 with which an 
input side IDT, the 1st and 2nd reflector, and an output side IDT are constituted. 
[Claim 5] The surface acoustic wave filter according to claim 4 which has two or 



more electrode fingers with wliich said 1st and 2nd reflector is prolonged in the 
direction which crosses in the direction of slant to the surface wave propagation 
direction, respectively. 

[Claim 6] As said IDT, it has an input side IDT and an output side IDT. As said 
reflector The 1st reflector which reflects the surface wave which is arranged at 
the one side of the surface wave propagation direction of an input side IDT, and 
was excited by the input side IDT toward an input-side IDT side. The 2nd 
reflector which changes the direction of the surface wave which is arranged in 
the opposite side with the side in which the 1st reflector of said input side IDT is 
formed, and reached, and is reflected. The 3rd reflector which reflects the 
surface wave which is arranged at the one side of the surface wave propagation 
direction of an output side IDT, and reached toward an output side IDT side. The 
surface acoustic wave filter according to claim 1 or 2 which has the 4th reflector 
which reflects the surface wave which is arranged in the surface wave 
propagation direction in the opposite side with the side by which the 3rd reflector 
of said output side IDT is arranged, and has been reflected with the 2nd reflector 
toward an output side IDT. 

[Claim 7] The surface acoustic wave filter according to claim 6 which has two or 
more electrode fingers prolonged in the direction in which said 2nd and 4th 
reflector crosses in the direction of slant to the propagation direction of the 
surface wave ******(ed) by the input side and the output side IDT. 
[Claim 8] The surface acoustic wave filter which it has two or more surface 
acoustic wave filter elements equipped with the reflector of the pair arranged at 
the surface wave propagation direction both sides of IDT and IDT, and each 
surface acoustic wave filter element is constituted by the surface acoustic wave 
filter according to claim 1 or 2, and is electrically connected so that said two or 
more surface acoustic wave filter elements may realize ladder mold circuitry. 
[Claim 9] Said piezoelectric substrate is the direction propagation Xtal substrate 
of ST cut 90 degreeX, and said reflector consists of Au, Ta, W, Ag, Cu, Cr, Mo, 
nickel, or Zn, and when lambda and thickness of a reflector are set to H, the 



wavelength of a surface wave Standardization tliickness H/lambda of a reflector 
In Au, in the case of 0.007 to 0.07, and Ta, in the case of 0.016 to 0.07, Cu, or 
Mo 0.017 to 0.07, [ in 0.008 to 0.07, and W ] [ in the case of 0.008 to 0.07, and 
Ag ] [ in 0.013 to 0.07, and Cr ] The surface acoustic wave filter according to 
claim 1 which is made into the range of 0.02-0.07 in the list in the case of nickel 
or Zn. 

[Claim 10] Said piezoelectric substrate consists of direction propagation LiTaOof 
36-degree rotation Y cut X3 substrate, and said reflector consists of Au, Ta, W, 
Ag, Cr, Cu, Mo, nickel, or Zn, and when lambda and thickness of a reflector are 
set to H, the wavelength of a surface wave Standardization thickness H/lambda 
of a reflector In Au, in the case of 0.006 to 0.07, and Ta, in 0.017-0.007, nickel, or 
Cr 0.02 to 0.07, [ in 0.0085 to 0.07, and W ] [ in the case of 0.008 to 0.07, and 
Ag ] [ in the case of 0.014 to 0.07, Cu, or Mo ] The surface acoustic wave filter 
according to claim 1 which is made into the range of 0.023-0.07 in the list in the 
case of Zn. 

[Claim 1 1] Said piezoelectric substrate is direction propagation LiNbOof Y cut X3 
substrate, and said reflector consists of Au, Ta, or W or Ag, and when lambda 
and thickness of a reflector are set to H, the wavelength of a surface wave 
standardization thickness H/lambda of a reflector ~ the surface acoustic wave 
filter according to claim 1 which in Au in the case of 0.009 to 0.07, and Ta is set 
to 0.009 to 0.07 in 0.012 to 0.07, and W, and is made into the range of 0.017- 
0.07 in the list in the case of Ag. 

[Claim 12] Said piezoelectric substrate consists of a direction propagation Xtal 
substrate of ST cut 90 degreeX, and said IDT and reflector consist of Au, Ta, W, 
Ag, Cu, Cr, Mo, nickel, or Zn. The wavelength of a surface wave lambda, When 
thickness of IDT and a reflector is set to H, standardization thickness H/lambda 
In Au, in the case of 0.007 to 0.07, and Ta, in the case of 0.016 to 0.07, Cu, or 
Mo 0.01 7 to 0.07, [ in 0.008 to 0.07, and W ] [ in the case of 0.008 to 0.07, and 
Ag ] [ in 0.013 to 0.07, and Cr ] The surface acoustic wave filter according to 
claim 2 which is made into the range of 0.02-0.07 in the list in the case of nickel 



or Zn. 

[Claim 13] Said piezoelectric substrate consists of 36-degree rotation Y cut X 
propagation LiTaOS substrate, and said IDT and reflector consist of Au, Ta, W, 
Ag, Cr, Cu, Mo, nickel, or Zn. The wavelength of a surface wave lambda. When 
thickness of IDT and a reflector is set to H, standardization thickness H/lambda 
In Au, 0.006 to 0.07, In the case of Ta, 0.0085 to 0.07, In W, when it is 0.008 to 
0.07, and Ag, in the case of 0.014 to 0.07, Cu, or Mo, it is referred to as 0.017 to 
0.07, and, in nickel or Cr, in the case of Zn, consider in the 0.02 - 0.07 list to the 
list as the range of 0.023-0.07. A surface acoustic wave filter according to claim 2. 
[Claim 14] Said piezoelectric substrate consists of Y cut X propagation direction 
LiNbOS substrate, and said IDT and reflector consist of Au, Ta, W, or Ag, and 
when thickness of lambda, IDT, and a reflector is set to H, the wavelength of a 
surface wave The surface acoustic wave filter according to claim 2 with which 
standardization thickness H/lambda is made [ in Au / in the case of 0.009 to 0.07, 
and Ta / in 0.0012 to 0.07, and W ] into the range of 0.017-0.07 in the case of 
0.009 to 0.07, and Ag. 

[Claim 15] The transmitter characterized by having the band pass filter which 
consists of a surface acoustic wave filter according to claim 1 to 14. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic wave filter 
with a reflector which used SH waves, such as a Love wave, for the detail more 
about the surface acoustic wave filter used as a band pass filter. 
[0002] 

[Description of the Prior Art] Conventionally, the surface acoustic wave 
equipment using SH waves, such as a Love wave, is proposed variously. For 
example, in JP,63-260213,A, it is LiNb03 of rotation Y cut X propagation. The 
purport which can constitute the surface acoustic wave equipment using a Love 
wave is shown by by forming on a substrate the IDT electrode which consists of 
heavy metal, such as gold, silver, and platinum. 

[0003] The surface acoustic wave equipment which made it possible to use a 
Love wave is indicated by JP,8-125485,A, JP,8-250966,A, etc. by forming the 
IDT electrode which consists of a metal with big mass like above-mentioned 
JP,63-260213,A. 

[0004] However, in these advanced technology, although using the metal with big 

mass as an electrode material of an IDT electrode is shown, reference is not 
made especially about the component of the reflector in a surface acoustic wave 
filter with a reflector. 

[0005] On the other hand, it is the surface acoustic wave filter which comes to 
form IDT and a reflector on a piezoelectric substrate, and the surface acoustic 
wave filter using a Love wave which IDT and a reflector consist of with the 
laminated metal film which comes to carry out the laminating of a tungsten layer 
and the aluminum layer is indicated by JP,1 1-74751, A. 
[0006] 

[Problem(s) to be Solved by the Invention] The IDT electrode and the reflector 
are constituted as mentioned above from advanced technology of a publication 



by JP,1 1-74751, A with the laminated metal film which consists of a tungsten 
layer and an aluminum layer. That is, since it was not constituted by the single 
metallic material, the electrode formation process was complicated. 
[0007] Moreover, since aluminum was used, the reflection coefficient in a 
reflector was not enough and it was difficult to attain the miniaturization of a 
reflector. The purpose of this invention is to offer the surface acoustic wave filter 
which cancels the fault of the conventional technique mentioned above, is a 
surface acoustic wave filter using a Love wave with a reflector, and can attain 
simplification of an electrode formation process, and the miniaturization of a 
reflector, as a result can make the whole size small. 
[0008] 

[Means for Solving the Problem] The surface acoustic wave filter concerning 
invention of the 1st of this application is characterized by being formed in the 
piezoelectric substrate with a piezoelectric substrate and at least one IDT formed 
in the piezoelectric substrate, and having at least one reflector made to reflect 
the surface wave excited by IDT, and for said reflector consisting of aluminum 
using the metallic material with a big consistency, and using the SH wave as said 
surface wave. 

[0009] The surface acoustic wave filter concerning invention of the 2nd of this 
application A piezoelectric substrate and at least one IDT formed in said 
piezoelectric substrate. It is formed in said piezoelectric substrate and has at 
least one reflector made to reflect the surface wave excited by said IDT. It is 
characterized by for said IDT and reflector consisting of aluminum using the 
metallic material with a big consistency, and using SH waves, such as a Love 
wave, as said surface wave. 

[0010] On the specific aspect of affairs of this invention (1st and 2nd invention) 
As the above IDT, have an input side IDT and an output side IDT, and it has the 
1st and 2nd reflector which separated predetermined distance in the surface 
wave propagation direction to the input side IDT and the output side IDT as the 
above-mentioned reflector, and has been arranged, respectively. It has further 



the multistrip coupler (following, MSG) prepared on the surface-wave propagation 
path between an input side IDT and an output side IDT, and said 1st and 2nd 
reflector, and this MSG is constituted from aluminum by the metallic material with 
a big consistency. 

[001 1] On another specific aspect of affairs of this invention, it has an input side 
IDT and an output side IDT as the above IDT. As the above-mentioned reflector 
In the surface wave propagation direction, predetermined distance is separated 
from an input side IDT to an output side IDT. An input side IDT, the 1st and 2nd 
reflector, and an output side IDT are constituted so that it has the 1st and 2nd 
arranged reflector, respectively, and it may be reflected with the 1st and 2nd 
reflector, respectively and the SH wave excited by the input side IDT may spread 
through the propagation path of a Z character mold to an output side IDT. In this 
case, as for the 1st and 2nd reflector, it is desirable to be constituted so that it 
may have two or more electrode fingers prolonged in the direction which crosses 
in the direction of slant to the surface wave propagation direction. 
[0012] On other specific aspects of affairs of this invention, it has an input side 
IDT and an output side IDT as the above IDT further. As the above-mentioned 
reflector The 1st reflector which reflects the surface wave which is arranged at 
the one side of the surface wave propagation direction of an input side IDT, and 
was excited by the input side IDT toward an input side IDT, The 2nd reflector 
which changes the direction of the surface wave which is arranged in the 
opposite side with the side in which the 1st reflector of said input side IDT is 
formed, and reached, and is reflected. The 3rd reflector which reflects in an 
output side IDT side the surface wave which is arranged at the one side of the 
surface wave propagation direction of an output side IDT, and reached. It has the 
4th reflector which reflects the surface wave which is arranged in the surface 
wave propagation direction in the opposite side with the side by which the 3rd 
reflector of said output side IDT is arranged, and has been reflected with the 2nd 
reflector toward an output side IDT. It has two or more electrode fingers 
prolonged in the direction in which said 2nd and 4th reflector crosses in the 



direction of slant preferably to the propagation direction of the surface wave 
******(ed) by the input side and the output side IDT. 

[0013] Further, it has two or nnore surface acoustic wave filter elements equipped 
with the reflector of the pair arranged at the surface wave propagation direction 
both sides of IDT and IDT on other specific aspects of affairs of this invention, 
each surface acoustic wave filter element is constituted according to this 
invention, and the surface acoustic wave filter electrically connected so that two 
or more surface acoustic wave filter elements may realize ladder mold circuitry is 
offered. 

[0014] On the specific aspect of affairs of the 1st invention, said piezoelectric 
substrate is the direction propagation Xtal substrate of ST cut 90 degreeX, and 
said reflector consists of Au, Ta, W, Ag, Cu, Cr, Mo, nickel, or Zn. The 
wavelength of a surface wave lambda. When thickness of a reflector is set to H, 
standardization thickness H/lambda of a reflector In Au, in the case of 0.007 to 
0.07, and Ta, in the case of 0.016 to 0.07, Cu, or Mo 0.017 to 0.07, [ in 0.008 to 
0.07, and W ] [ in the case of 0.008 to 0.07, and Ag ] [ in 0.013 to 0.07, and Cr ] 
In the case of nickel or Zn, it considers as the range of 0.02-0.07 in the list. 
[0015] On another specific aspect of affairs of the 1st invention, said piezoelectric 
substrate consists of direction propagation LiTaOof 36 degreeY rotation X3 
substrate, and said reflector consists of Au, Ta, W, Ag, Cr, Cu, Mo, nickel, orZn. 
The wavelength of a surface wave lambda, When thickness of a reflector is set to 
H, standardization thickness H/lambda of a reflector In Au, in the case of 0.006 to 
0.07, and Ta, in 0.017-0.007, nickel, or Cr 0.02 to 0.07, [ in 0.0085 to 0.07, and 
W ] [ in the case of 0.008 to 0.07, and Ag ] [ in the case of 0.014 to 0.07, Cu, or 
Mo ] In the case of Zn, it considers as the range of 0.023-0.07 in the list. 
[0016] On still more nearly another specific aspect of affairs of the 1st invention, 
said piezoelectric substrate is direction propagation LiNbOof Y cut X3 substrate, 
and said reflector consists of Au, Ta, W, or Ag, and when lambda and thickness 
of a reflector are set to H, the wavelength of a surface wave standardization 
thickness H/lambda of a reflector ~ in Au, in the case of 0.009 to 0.07, and Ta, in 



0.012 to 0.07, and W, it is referred to as 0.009 to 0.07, and, in the case of Ag, 
considers in tine list as tine range of 0.017-0.07. 

[0017] On tine specific aspect of affairs of the 2nd invention, said piezoelectric 
substrate consists of a direction propagation Xtal substrate of ST cut 90 degreeX, 
and said IDT and reflector consist of Au, Ta, W, Ag, Cu, Cr, Mo, nickel, or Zn. 
The wavelength of a surface wave lambda. When thickness of IDT and a 
reflector is set to H, standardization thickness H/lambda In Au, in the case of 
0.007 to 0.07, and Ta, in the case of 0.016 to 0.07, Cu, or Mo 0.017 to 0.07, [ in 
0.008 to 0.07, and W ] [ in the case of 0.008 to 0.07, and Ag ] [ in 0.013 to 0.07, 
and Cr ] In the case of nickel or Zn, it considers as the range of 0.02-0.07 in the 
list. 

[0018] On another specific aspect of affairs of the 2nd invention, said 
piezoelectric substrate consists of 36-degree rotation Y cut X propagation 
LiTaOS substrate, and said IDT and reflector consist of Au, Ta, W, Ag, Cr, Cu, 
Mo, nickel, or Zn. The wavelength of a surface wave lambda. When thickness of 
IDT and a reflector is set to H, standardization thickness H/lambda In Au, 0.006 
to 0.07, In the case of Ta, 0.0085 to 0.07, In W, when it is 0.008 to 0.07, and Ag, 
in the case of 0.014 to 0.07, Cu, or Mo, it is referred to as 0.017 to 0.07, and, in 
nickel or Cr, in the case of Zn, considers in the 0.02 - 0.07 list to the list as the 
range of 0.023-0.07. 

[0019] On still more nearly another specific aspect of affairs of the 2nd invention, 
said piezoelectric substrate consists of Y cut X propagation direction LiNb03 
substrate, and said IDT and reflector consist of Au, Ta, W, or Ag. The wavelength 
of a surface wave lambda. When you set thickness of IDT and a reflector to H, in 
Au, in the case of 0.009 to 0.07, and Ta, let [ in 0.0012 to 0.07, and W ] 
standardization thickness H/lambda be the range of 0.017-0.07 in the case of 
0.009 to 0.07, and Ag. 

[0020] Since the transmitter concerning this invention has a surface acoustic 
wave filter concerning this invention as a band pass filter, therefore can attain the 
miniaturization of a band pass filter, it can advance the miniaturization of a 



transmitter. 
[0021] 

[Embodiment of the Invention] Hereafter, this invention is clarified by explaining 

the concrete example of this invention, referring to a drawing. 

[0022] Drawing 1 is the top view showing the surface acoustic wave filter 

concerning the 1st example of this invention. The surface acoustic wave filter of 

the 1st example is a surface acoustic wave filter of the MSG mold which used 

MSG. 

[0023] As shown in drawing 1 , the surface acoustic wave filter 1 has the 
rectangle tabular piezo-electric substrate 2. the piezo-electric substrate 2 -- 
LiNbOS A substrate and LiTa03 etc. ~ it may be constituted by the piezo-electric 
single crystal substrate. But the piezo-electric substrate 2 may be constituted by 
electrostrictive ceramics. Moreover, the piezoelectric substrate in this invention 
may be the structure which carried out the laminating of the piezoelectric films, 
such as ZnO film, on not only the above-mentioned piezo-electric substrate but 
the insulating substrate, or the piezo-electric substrate. 

[0024] On top-face 2a of the piezo-electric substrate 2, the input side IDT and the 
output side 3 and IDT 4 are formed. An input side IDT3 and an output side IDT4 
have the sinking comb electrodes 3a, 3b, 4a, and 4b which have the electrode 

finger put mutually in between, respectively. The surface wave propagation 
direction in an input side IDT3 and an output side IDT4 is a direction which 
intersects perpendicularly with each electrode finger. Moreover, the input side 
IDT and the output side IDT4 are installed so that the mutual surface wave 
propagation direction may become parallel. 

[0025] To the input side IDT3, predetermined distance is separated in the surface 
wave propagation direction, and the 1st reflector 5 is arranged. Similarly, in the 
surface wave propagation direction, predetermined distance is separated to an 
output side IDT, and the 2nd reflector 6 is arranged. Each reflectors 5 and 6 had 
two or more electrode fingers prolonged in parallel, and the both ends of two or 
more electrode fingers have short-circuited them. In addition, the both ends of an 



electrode finger may be opened. 

[0026] MSC7 is formed on tine surface wave propagation patli between an output 
side IDT4 and tine 2nd reflector 6 on the surface wave propagation path between 
an input side IDT3 and the 1st reflector 5. MSC7 has two or more strip electrode 
7a prolonged in the direction which intersects perpendicularly in the surface wave 
propagation direction which faces to the 1st and 2nd reflector 5 and 6 from an 
input side IDT3 and an output side IDT4. 

[0027] MSC7 uses a metallic material with a bigger consistency than aluminum, 
and is constituted from a surface acoustic wave filter 1 of this example by a 
reflector 5 and 6 lists. As a metallic material with a bigger consistency than such 
aluminum, W, Ta, Au, Ag, etc. are mentioned, for example. 
[0028] Moreover, although a single metallic material may constitute each above- 
mentioned electrode, it may form only the IDT section with the electrode which 
consists of aluminum. When the reflection coefficient of the electrode is large, 
inter-electrode reflection of IDT is large, and since the energy of SAW is shut up 
between IDT(s), it is hard to form IDT which consists of an electrode with a large 
consistency on a substrate with a small electrical machinery machine coupling 
coefficient like especially the Xtal substrate, and to spread SAW from IDT. 
Therefore, it is desirable to form with aluminum electrode with a small reflection 
coefficient etc. in such a case. 

[0029] Furthermore, in this example, since reflectors 5 and 6 and MSC7 are 
constituted by each with the metal with a bigger consistency than aluminum, a 
reflection coefficient is high, therefore can reduce the number of electrode fingers. 
[0030] With the surface acoustic wave filter 1 of this example, if an input signal is 
inputted into IDT3, a Love wave will be excited and a Love wave will be spread 
from the direction IDT3 of arrow-head A of drawing 1 , i.e., an input side, toward 
the 1st reflector 5. Moreover, a part of Love wave can change a direction in 
MSC7, and as an arrow head B shows, it spreads toward the 2nd reflector 6. 
[0031] On the other hand, as an arrow head C shows, the Love wave reflected 
with the 1st reflector 5 changes a direction in MSC7, and spreads it to an output 



side IDT4. Similarly, the Love wave reflected with the 2nd reflector 6 is also 
spread toward an output side IDT4, as an arrow head D shows. Therefore, an 
output is taken out in an output side IDT4. 

[0032] In this example, the number of the electrode finger of reflectors 5 and 6 
can be reduced as mentioned above, and a miniaturization can be attained by it. 
And since there are few numbers of the electrode finger of reflectors 5 and 6, the 
difference of the time delay of the Love wave spread in the path of arrow heads A 
and C and the Love wave spread in the path of arrow heads B and D decreases. 
Therefore, dispersion in a group delay property (GDT) can be made small. This is 
explained based on the concrete example of an experiment. The surface 
acoustic wave filter 1 of the example shown in drawing 1 and the surface 
acoustic wave filter 101 (refer to drawing 2 ) of the conventional example 
prepared for the comparison were designed by the following specification. 
[0033] (Surface acoustic wave filter 1 of an example) The dimension of the piezo- 
electric substrate 2 is the 2x1 .8x thickness of 0.4mm. The logarithm of crossover 
width-of-face =25lambda of an input side IDT3 and an output side IDT4, and an 
electrode finger = 20 pairs, electrode finger pitch =19micrometer. The number 
=15 electrode finger pitch of the electrode finger in reflectors 5 and 6 = 19.8 
micrometers. Width-of-face =3.2micrometer of number =25 of strip electrode 7a 
in MSC7, and strip electrode 7a, a gap = 3.1 micrometers. 
[0034] (Specification of the conventional example shown in drawing 2 ) The 
electrode material of a reflector 105,106 was aluminum, and the surface acoustic 
wave filter 101 shown in drawing 2 made it be the same as that of the surface 
acoustic wave filter 1 of an example, if it removed that the number of the 
electrode finger of a reflector 105,106 was made into 300. 
[0035] Since there were many numbers of the electrode finger of a reflector 
105,106 as mentioned above as 300, the dimension of the piezo-electric 
substrate 102 could not but become large-sized with the 2x4. 5x thickness of 
0.4mm. 

[0036] Drawing 3 is drawing showing the magnitude-of-attenuation frequency 



characteristics and tine group delay property of tiie surface acoustic wave filter 1 
of an example, and drawing 4 is drawing showing the conventional magnitude-of- 
attenuation frequency characteristics and the conventional group delay property 
of a surface acoustic wave filter which were shown in drawing 2 . 
[0037] It turns out that dispersion in the group delay in a passband can be 
reduced by using the surface acoustic wave filter 1 of an example compared with 
the surface acoustic wave filter 101 of the conventional example so that clearly 
from the comparison of drawing 3 and drawing 4 . 

[0038] Drawing 5 is the top view of the surface acoustic wave filter concerning 
the 2nd example of this invention, and the so-called Z pass type of surface 
acoustic wave filter consists of the 2nd example. With the surface acoustic wave 
filter 1 1 of the 2nd example, on the piezo-electric substrate 12, it brings near by 
one corner part, the input side IDT13 is formed, and the output side IDT14 is 
formed near this corner part and the corner part which counters each other. 
[0039] Moreover, in the propagation direction of the surface wave excited by 
IDT13, predetermined distance is separated to IDT13, and the 1st reflector 15 is 
formed. Similarly, in the propagation direction of the surface wave received by 
the output side IDT14, predetermined distance is separated to IDT14 and the 2nd 
reflector 16 is arranged. That is, reflectors 15 and 16 are arranged near [ different 
from the corner where IDT 13 and 14 is arranged ] the corner section which 
counters each other. 

[0040] The 1st and 2nd reflector 15 and 16 has two or more electrode fingers, 
respectively, and two or more electrode fingers are extended in the direction 
which crosses in the direction of slant to the propagation direction of the surface 
wave ******(ed) by IDT 13 and 14. This is for making it reflect with reflectors 15 
and 16, and leading the surface wave excited by the input side IDT13 to an 
output side IDT14, as the arrow head E of illustration shows. That is, IDT 13 and 
14 and reflectors 15 and 16 are arranged so that from drawing 5 , and a surface 
wave may spread in accordance with a Z character-like path. 
[0041] Also in this example, what consists of the same ingredient as the piezo- 



electric substrate 2 in tine 1st example can be used for the above-mentioned 
piezo-electric substrate 12. Moreover, about the metallic material which 
constitutes reflectors 15 and 16, a metallic material with a bigger consistency 
than aluminum, i.e., the metallic material stated in the 1st example, can be used. 
Therefore, also in this example, since the reflection coefficient in reflectors 15 
and 16 is raised, the number of the electrode finger in reflectors 15 and 16 can 
be reduced. In addition, what is necessary is to use properly with the 
electromechanical coupling coefficient of a substrate about IDT, and just to use 
the same electrode as a reflector for the case of less than 0.04 for aluminum in 
the case of 0.04 or more coupling coefficients. 
[0042] Drawing 6 is the top view showing the surface wave filter of the 
conventional Z pass mold equivalent to the surface acoustic wave filter 1 1 of the 
2nd example. Also in this conventional surface acoustic wave filter 111, like the 
surface acoustic wave filter 11 of an example, it is constituted so that a reflector 
1 15,1 16 may form the propagation path of a Z character mold on the piezo- 
electric substrate 202 at an input side I DT1 13 and output side I DT1 14 list. 
However, since each electrode is constituted from a surface acoustic wave filter 
1 1 1 by aluminum, the reflection coefficient of a reflector 1 15,1 16 is low. 
Therefore, as shown in drawing 6 , the reflector 1 15,1 16 which has many 
electrode fingers must be used. 

[0043] Therefore, since the miniaturization of reflectors 15 and 16 can be 

attained also in the 2nd example so that clearly also from the comparison of 

drawing 5 and drawing 6 as a result, the dimension of the whole surface acoustic 

wave filter 1 1 of Z pass mold can be effectively made small. 

[0044] Drawing 7 is the top view showing the surface acoustic wave filter 

concerning the 3rd example of this invention. With the surface acoustic wave 

filter 21, the input side 23 and IDT 24 is installed on the piezo-electric substrate 

22. That is, IDT 23 and 24 is put in order in the surface wave propagation 

direction and the direction which intersects perpendicularly. 

[0045] The 1st reflector 25 is arranged at the surface wave propagation direction 



one side of IDT23 so that a surface wave may be reflected in IDT23 side. Witli 
tine side in wliicli tine 1st reflector 25 of IDT23 is formed, the 2nd reflector 26 is 
arranged in the opposite side in the surface wave propagation direction. The 2nd 
reflector 26 is constituted so that the spread surface wave may be reflected 
toward the 4th below-mentioned reflector. In this example, the 2nd reflector 26 
has two or more electrode fingers prolonged in the direction which crosses in the 
direction of slant to the propagation direction of the surface wave excited from 
IDT23. 

[0046] The 3rd reflector and 27 are arranged at the surface wave propagation 
direction one side of IDT24. The 3rd reflector 27 is constituted so that the spread 
surface wave may be reflected in IDT24 side. 

[0047] Moreover, with the side in which the 3rd reflector 27 of IDT24 is formed 
and is, predetermined distance is separated in the opposite side and the 4th 
reflector 28 is arranged in it. The 4th reflector 28 is constituted so that the surface 
wave spread from the 2nd reflector 26 may be reflected toward IDT24. Therefore, 
the 4th reflector 28 has two or more electrode fingers prolonged in the direction 
of slant to the surface wave propagation direction in IDT24. 
[0048] Also in this example, the 1st - the 4th reflector 25-28 are constituted from 
aluminum by the metal with a big consistency. Therefore, reflectors 25-28 can be 
miniaturized. The electrode which constitutes IDT is properly used with a 
reflection coefficient or the coupling coefficient of a substrate. 
[0049] In this example, it is reflected with a reflector 25 and the surface wave 
spread to the reflector 25 side among the surface waves excited by the input side 
IDT23 is further spread toward the right-hand side of IDT24. And a surface wave 
is reflected in the 4th reflector 28 side by the 2nd reflector 26 on the right-hand 
side of IDT24. Moreover, in the 4th reflector 28, the spread surface wave is 
reflected toward IDT24 side. Therefore, a surface wave is received from IDT24. 
Moreover, it is reflected with the 3rd reflector 27 and the surface wave emitted to 
left-hand side from IDT24 is spread to the IDT24 side. 
[0050] Drawing 8 is the top view of the surface acoustic wave filter concerning 



the 4th example. With the surface acoustic wave filter 31 , an input side 33 and 
IDT 34 and reflectors 35-38 are arranged on the piezo-electric substrate 32. Here, 
the 1st and 2nd reflector 35 and 36 is arranged at the surface wave propagation 
direction both sides of IDT33. Reflectors 35 and 36 are arranged at the corner 
part near the both ends of one long side of the piezo-electric substrate 32. And 
the surface wave spread from IDT33 is reflected. The reflected surface wave is 
reflected under the surface wave propagation direction of IDT24 and the direction 
which intersects perpendicularly, i.e., drawing 8 . Thus, it is reflected by the 3rd 
and 4th reflector 37 and 38 arranged at the surface wave propagation direction 
both sides of an output side IDT34, and the reflected surface wave spreads to 
the IDT34 side. 

[0051] Also in this example, since reflectors 35-38 are constituted from aluminum 
by the ingredient with a high consistency, while being able to attain the 
miniaturization of a surface acoustic wave filter, since there are few numbers of a 
reflector, dispersion in a group delay property can be reduced like the 1st - the 
3rd example. 

[0052] Although the 1st - the 4th example explained per [ which has an input side 
IDT, an output side IDT, and a reflector ] surface acoustic wave filter, in this 
invention, it is applicable also to the surface acoustic wave filter which has three 

or more IDT(s). Drawing 9 is a top view for explaining the ladder mold filter as an 
example of this kind with which this invention is applied of surface acoustic wave 
filter. 

[0053] With the ladder mold filter 41 , the 1st - 5th IDT 43-47 are installed on the 
piezo-electric substrate 42. Moreover, Reflectors 43a, 43b-47a and 47b are 
arranged at each surface wave propagation direction both sides of IDT 43-47, 
respectively. And IDT 43-47 is electrically connected so that the ladder mold 
circuit which has three serial arm resonators and two juxtaposition arm 
resonators can be realized. In addition, in drawing 9 , IDT 43, 45, and 47 is IDT 
for constituting a serial arm resonator, respectively, and is IDT from which IDT 44 
and 46 constitutes a juxtaposition arm resonator. An output terminal 50 is 



connected to IDT47, and grounding terminals 51 and 52 are connected to IDT43 
for tine input terminal 49 at IDT 44 and 46. 

[0054] Also in this example, each reflectors 43a-47b are constituted from 
aluminum by the metal with a big consistency. Therefore, the miniaturization of 
Reflectors 43a-47b can be attained, as a result the miniaturization of the ladder 
mold filter 41 whole can be attained. 

[0055] Drawing 10 is the outline block diagram showing the transmitter 
constituted using the surface acoustic wave filter concerning this invention. 
Duplexer 162 is connected to the antenna 161 in drawing 10 . The surface 
acoustic wave filter 164 and amplifier 165 which constitute RF stage between 
duplexer 162 and the receiving-side mixer 163 are connected. Furthermore, the 
surface wave filter 169 of IF stage is connected to the mixer 163. Moreover, 
between duplexer 162 and the mixer 166 of a transmitting side, the amplifier 167 
and the surface acoustic wave filter 168 which constitute RF stage are connected. 
[0056] The surface acoustic wave equipment constituted according to this 
invention as a surface wave filter 169 of IF stage in the above-mentioned 
transmitter 160 can be used suitably. The invention-in-this-application person 
examined the reflection coefficient when a metal with bigger mass than aluminum 
constitutes a reflector or a reflector, and IDT in more detail for every electrode 
material, as mentioned above. 

[0057] It is known that it is so large that a reflection coefficient is so large that the 
electromechanical coupling coefficient of a substrate including an electrode 
material is large, and the thickness of an electrode is large when the same 
electrode material is used. Moreover, the reflection coefficient of an electrode is 
called for from the sonic difference when not existing with the case where an 
electrode exists, and a reflection coefficient becomes large, so that the 
consistency of an electrode is so high that the thickness of an electrode is thick in 
a list. 

[0058] an invention-in-this-application person ~ ST cut 90degree ~ each 
electrode which consists of Ta, W, and aluminum was formed on the propagation 



Xtal substrate, and the reflection coefficient was calculated with the finite element 
method (FEM). Consequently, the reflection coefficient of the electrode which 
consists of an electrode which consists of Ta, and W was about 20 times of the 
electrode which consists of aluminum. And depending for the reflection 
coefficient of an electrode on product k2rho of the electric machine electrolysis 
coupling coefficient k of a substrate including an electrode and the consistency 
rho of an electrode was confirmed. 

[0059] Then, an ST cut 90 degree propagation Xtal substrate (Eulerian angle [0 
degree, 120-145 degrees, 90 degrees]), 36-degree rotation Y cut X propagation 
LiTa03 substrate (Eulerian angle [0 degree, 126 degrees, 0 degree]) and Y cut X 
propagation LiNbOS substrate (Eulerian angle [0 degree, 90 degrees, 0 degree]) 
are used, respectively. When an electrode was constituted from various metals, it 
asked for the relation between the standardization thickness of an electrode, and 
k2rho- (H/lambda). In addition, H shows the thickness of an electrode and 
lambda shows the wavelength of a surface wave. A result is shown in drawing 1 1 
- drawing 13 . 

[0060] Drawing 13 is the direction propagation LiNb03 of Y cut X about a result 
when drawing 12 uses 36-degree rotation Y cut X propagation LiTa03 substrate 
for the case where drawing 1 1 uses an ST cut 90 degree propagation Xtal 

substrate. It is a result at the time of using a substrate. 

[0061] In drawing 1 1 - drawing 13 , the metallization ratio of an electrode etc. is 
related by the limit on a manufacture process etc., and standardization thickness 
H/lambda which can actually be formed is about 0.07. On the other hand, the 
range which shows bigger k2rho (H/lambda) than k2rho (H/lambda) at the time of 
forming the electrode which consists of aluminum shows that it is larger than the 
electrode layer which a reflection coefficient becomes from aluminum so that 
clearly from drawing 1 1 - drawing 13 . therefore, the case where an electrode 
consists of Au when an ST cut 90 degreeX propagation Xtal substrate is used 
from drawing 1 1 R> 1 - H/lambda ~ the range of 0.007-0.07 ~ it turns out [ the 
range of 0.014-0.07, then ] preferably that it is good. When similarly an electrode 



consists of Ta, W, Ag, Cu, Mo, nickel, or Zn, In the case of Ta, standardization 
thickness H/lambda, respectively The range of 0.008-0.07, the case where it 
consists of the range of 0.016-0.07, and Cr preferably ~ the range of 0.016-0.07 - 
- preferably When consisting of the range of 0.032-0.07, and W, 0.008 to 0.07, 
when consisting of 0.016 to 0.07, and Ag preferably, 0.013-0.07, when consisting 
of 0.026 to 0.07, Cu, or Mo preferably 0.017 to 0.07, and the case where it 
consists of 0.034 to 0.07, nickel, or Zn preferably - 0.022 to 0.07 - it turns out 
[ the range of 0.044-0.07 then ] preferably that It is good. 
[0062] Moreover, drawing 12 to 36-degree rotation Y cut X propagation LiTa03 
When a substrate is used and an electrode consists of Au, H/lambda 0.006 to 
0.07 - preferably in the case of 0.025 to 0.07, and Ta 0.0085 to 0.07 - preferably 
in 0.027 to 0.07, and W 0.008 to 0.07 - preferably in the case of 0.030 to 0.07, 
and Ag 0.014 to 0.07, when consisting of 0.049 to 0.07, Cu, or Mo preferably. 
When consisting of 0.60 to 0.07, nickel, or Cr preferably and consisting [ 0.017 to 
0.07, and ] of the range of 0.02-0.07, and Zn, it turns out [ the range of 0.023- 
0.07, then ] that it is good. 

[0063] Furthermore, it is the direction propagation LiNb03 of Y cut X so that 
clearly from drawing 13 . When a substrate is used the case where the electrode 
consists of Au(s) ~ H/lambda ~ 0.009 to 0.07 ~ desirable ~ the range of 0.02- 

0.07 ~ the case of W ~ 0.009 to 0.07, and the case where it consists of 0.02 / 
0.07, and Ta preferably - 0.012 to 0.07, and the case where it consists of 0.023 
to 0.07, and Ag preferably ~ 0.017 to 0.07 ~ it turns out [ 0.03-0.07, then ] 
preferably that it is good. 
[0064] 

[Effect of the Invention] With the surface acoustic wave filter concerning the 1st 
invention, since the reflector consists of aluminum using the metallic material with 
a big consistency at least, and since a reflector and IDT consist of the 2nd 
invention using the metallic material with a bigger consistency than aluminum, in 
the surface acoustic wave filter using the SH wave as a surface wave, a reflector 
or a reflector, and the reflective effectiveness of IDT are raised. Therefore, a 



reflector or a reflector and the miniaturization of IDT, as a result the 
miniaturization of a surface acoustic wave filter can be attained. 
[0065] Moreover, since the number of the electrode finger of a reflector can be 
reduced, dispersion in a group delay property can also be reduced. The surface 
acoustic wave filter concerning this invention can be used in various surface 
acoustic wave filters using an SH wave which have a reflector and IDT. In 
various surface acoustic wave filters, such as an MSG filter using a multistrip 
coupler, Z pass mold surface acoustic wave filter, a rucksack file type surface 
acoustic wave filter, and a ring type surface acoustic wave filter This invention 
can be applied, and the miniaturization of a reflector, as a result the 
miniaturization of a surface acoustic wave filter can be attained, and reduction of 
dispersion in a group delay property can be aimed at. 
[0066] Moreover, in the ladder mold filter electrically connected so that two or 
more surface acoustic wave filter elements may have ladder mold circuitry, the 
miniaturization of a ladder mold filter can also be attained by constituting each 
surface acoustic wave filter element according to this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of tine Drawings] 

[Drawing 1] Tine top view of tine surface acoustic wave filter concerning tine 1st 
example of this invention. 

[Drawing 2] The top view of the conventional surface acoustic wave filter 
prepared for the comparison. 

[Drawing 3] Drawing showing the 1st magnitude-of-attenuation frequency 
characteristics and group delay property of a surface acoustic wave filter of an 
example. 

[Drawing 4] Drawing showing the conventional magnitude-of-attenuation 
frequency characteristics and the conventional group delay property of a surface 
acoustic wave filter. 

[Drawing 5] The top view of the surface acoustic wave filter concerning the 2nd 

example. 

[Drawing 6] The top view of the conventional surface acoustic wave filter shown 
for the comparison of the 2nd example. 

[Drawing 7] The top view of the surface acoustic wave filter of the 3rd example. 
[Drawing 8] The top view of the surface acoustic wave filter of the 4th example. 
[Drawing 9] The top view showing the ladder mold filter as the 5th example. 
[Drawing 10] The outline block diagram of the transmitter using the surface 

acoustic wave filter concerning this invention. 

[Drawing 11] Drawing showing the relation between standardization thickness 
H/lambda of an electrode when various metallic materials constitute an electrode 
using an ST cut 90 degree propagation Xtal substrate, and k2 xrhox (H/lambda) 
corresponding to a reflection coefficient. 

[Drawing 1 2] ST cut 36 degree rotation Y cut X propagation LiTa03 Drawing 
showing the relation between standardization thickness H/lambda of an electrode 
when various metallic materials constitute an electrode using a substrate, and k2 
xrhox (H/lambda) corresponding to a reflection coefficient. 
[Drawing 13] ST cut Y-XLiNb03 Drawing showing the relation between 
standardization thickness H/lambda of an electrode when various metallic 



materials constitute an electrode using a substrate, and k2 xrhox (H/lambda) 
corresponding to a reflection coefficient. 
[Description of Notations] 

1 -- Surface acoustic wave filter 

2 ~ Piezo-electric substrate 

3 4 - IDT 

5 6 - Reflector 
7 -- MSG 

1 1 -- Surface acoustic wave filter 

12 -- Piezo-electric substrate 

13 14 -IDT 

15 16 - The 1st and 2nd reflector 

21 ~ Surface acoustic wave filter 

22 ~ Piezo-electric substrate 

23 24 - IDT 

25, 26, 27, 28 ~ The 1st - the 4th reflector 

31 ~ Piezo-electric substrate 

32 ~ Piezo-electric substrate 

33 34 ~ IDT 

35-38 - The 1st - the 4th reflector 

41 ~ Ladder mold filter 

42 ~ Piezo-electric substrate 
43-47 - IDT 

43a, 43b-47a, 47b ~ Reflector 
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A < urn . 3¥ttiiffiig7 ^ 71-3? im^-fi> 

[0008] 

[iiii^ii?^-rs;^ci6c^¥S] ifmc^mico^m^zm 

)£$^i/-c^J'^^< b h 1 I D T b . JI^ttSKt^ffM 
^iixa 0 . I DTT«^^^^c^ffi^S&MI^§^tl.^i'^ 
t£<bhl -:><Dm^b ^fii. IfrlEKM^^'A l j: 0 

IfiailffillS LT S H jfj^ f ijffl t T ^ ^ !> i ^ 

[00 09 ] 2 0%BJt;f^|,5iptt||ffijg7 ^ ;p 

< > 1 -^t?) I DTfc . luiEJ±€ttSSt;ffM§^iT*^ 

fc h 1 ^ fii. luia I T^Timmmt^A 

1 J; 0 hmm±^^j:itMMm^m^^xm^^fixii 

[0010] if%m imi, m2(7mm) ffm^^mm 
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Tli;, JilBiDThLT. A:^lffl I D T t ai:^l« I D T 

bm^t^fi. mmmt t-cA^Mi DTst-^-sij 

'Jyr:fjry~ (OT. MSG) i^^l,zmt. ISMS 

[0011] :^^mmm&mmTii. ±tE i dt 

t LXAMM I D T . mm] I D T t j&ilii. ^,^1. _h 

mm^t LT , A^fjj I D T J; D mmi i dt^^^ l 

iDTxmm^tifzsHm'^. mi, m2commT^c 

xim-tixo^z. A^iii DT. mi , m2<Dmm 
mtiim\iDTt,m0.^iix\-^t. zm^. mi, 
m2comm. mmmmmiznLxm>^ifmz^ 
mtiijmzmnmmt^(^Mm^i^-t?., j; d izmi^ 

[0012] ^mMio^ ^i^zimm^commx'ii. ±m 
I D T LT . xmi I D Tmmmi I D Ttimt ^ 
ii. ±mm^b IX. xm\iDT(Dmmmimif\^ 

n ■}}\mzm^fixii *9 , x-hm i d Txmm^tifz 
mmiixhm \ \yv>^zmj^">x[>mt^mi(^UM^ 
t . mfiEA^M I D Tm 1 <7^mmmm^fix\^h 
mtimnmmm^fixii o . ^mLtzmwrnn^^i 
^^txKm^m2<^m^h. ^^mii:)T<^mm 
mmi5\^c^--n\mzwm.^fixio ^ „ im Ltz^mw. 
^ I D Tm^zKmth m 3 (^}mmh , mm^^ 
fiij i-DT^msiDKM^mm-^fix^^hmuimm^ 

\m}i^^zi5\^XKmS\,zUmixXii 0 . ii^-)m2<r> 

mmxKmtixtfzmmm]&m\ i DTi^z^n^t--^ 

xmtthmA^)mmbtmi^jKh . tjtL<\i.. 
mtm2, mA(r)mmt)K xtiMRtfrntimi'DTx 
mmi^fi^^mmm.c^\mn]p\\znLxmm^'<z^ 
^hi5H\<zm(fhm»<^nMm^'th . 
[0013] ifwm^t>^zm<r)mM.<^mmx\i. i d 
T fc . I D Tajmmmmu\mmi<zwM.^td-z-n(^ 

mmf&^mm-tii 0 {zm%m^zmmfix\^h . m 

[ 0 0 1 4 ] m 1 (^mmm'&mmxu. mmsmt 
mm^ s V b 9 0 ° x*^fEffi7j<Hi,asT-fe 0 . m 

ttUMi^t^An, Ta, Ag. Cu. Cr, Mo, 



tiK AuCOJ^tO. 0 0 7 — 0. 0 7. Tac?)*|-^t 
0. 008 — 0. 0 7. WtDti-^tCO. 008 — 0. 0 
7. AgtO*|^tO. 0 13-0. 0 7. CrtO*^^t 
0. 0 16-0. 0 7. Cui,L<ttMoO±|^t0. 
0 17-0. 0 7. MWCNi ^jL<iiZn<7);^t; 
0. 02-0. 0 1<7^mmt^flX\^h. 

[0015] mic^wmmm^mmxu. mm± 

€ttSS//3 6 '■ YHteX^^feffiL i T a O^mm- 
ib^O. m%m.mm^^n^ Ta. W. Ag. Cr. C 

u. Mo. i^ittz\tznti-^(y^£^. mm&(D^^^^ 
b . m^mw-i H t # t . mm<r)mmm 

WH/^tK AutOJ^^tO. 0 0 6-0. 0 7. T a 
t?^±i-^H:0. 0 08 5-0. 0 7. Wt^*|^tC0. 0 0 

8- 0. 0 7. Agt?^Ji^^t^0. 0 14-0. 0 7. C 
ut,L<{i;Mof0±|^^t^0. 0 1 7 — 0. 0 07. Ni 
C>L<i±C rt?)*|'^^t^0. 0 2-0. 07.MOTcZn 
<D1^^\ZQ. 0 2 3-0. 0 1<7)mmb^tlX\^h. 

[ 0 0 1 6 ] m 1 (^wm^^^zmm^mmxit. 
mm±.w&miMYi} V b xr^mmi^ i n b Ogss 

-C'i^D. Mia.RWIff/&^'Au. Ta. WtfzliAst-^ti: 
0 . l4MiiSt^)S^^ A b . RI^#ff^^JKJi^ H 1 1/-^ t # 
t:. K*fl^cOffi1S'ftliJ?H/A;5)\ AuiOJ^-^tCO. 0 

09- 0. 07. Ta<7)J^-^tO. 012-0. 07. 
WO^t; 0. 009-0. 07. mf^ZA ^(^m^^Z 

0. 017-0. c>iaMMy^iix\-^h. 

[ 0 0 17] m2(^mwAm(^Mmx\±. mm±w& 

milliTmm^ifAvL. Ta. W. Ag. Cu. 
Cr. Mo. N i t.t:i±Zn-h^^^j:y)^ ^ffijgiOjS^^ 

A . I D Tmmmmw-^ h t l^^ t # t . ^ifs 

fl:Ml¥H/A:6\ Aut0%^(C0. 0 07-0. 07. 
Tai?)Ji-^t;0. 0 0 8-0. 0 7. WiD*i^t;0. 0 
0 8-0. 0 7. Ag(7)Ji^tO. 0 13-0. 0 7. 
CrC^Ji-^tO. 0 16-0. 0 7. CuiL<tiMo 
c^*i^(C0. 0 17-0. 0 7. MWCN i it<{iZ 
nt^*i^(C0. 0 2-0. 0 7(7)lillli:§ilTV^|,„ 

[0018] m2aMmm¥m^(7Mmxu, mm± 
w&.mLtfi3 6 ° mmmximL i t a 03*^>6^^> 

=2:0. |friEIDTSt>'Rftf#l3&^Au. Ta. W. Ag. 

Cr. Cu. Mo. N i ttzliZ nt^i^Kc'O . mm&CO 

im^^b. ID Tmmmcomm^ ubitzb^ 

SfS<tMi¥H/A;f)\ AutO*^^tO. 0 0 6- 
0.0 7. TaCOt^^iZO. 008 5 — 0. 0 7 . Wt?) 
Ji^t:0. 008—0. 0 7. Agt^Dti-^tCO. 014 
-0. 07. CuiL<iiMo£0:l-^tO. 0 17- 
0. 0 7. Mt^'tCN i CjL<J±C ri?)ii-^tO. 0 2- 
0. 0 7MOTcZnt^*|^t;0. 0 2 3-0. 0 7c7)iE 

[0019] m2(7)^m(^^ ^Az^\i</)m^(^f^mxn. 
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^toMif^Ht L/-ct^t. mmmmn/xf)\ au 

O*|^t0. 0 0 9-0. 0 7 ^ T acr,^^ZO . 00 
12-0. 0 7. WCD^lZO. 0 0 9-0. 0 7. A 
gc^M-^lZO. 0 17-0. 0 7(7)mWt^tlX^^h, 

[0 0 20] ^wMmmmmii. ^mmmmn 

[002 1] 

[ 0 0 2 2 ] la 1 ii. ifm^mm i ^D^tsf^j(cf^i>5¥tt 
mm&y ^ )V9 i^.-fw-mmxhh . miffmmmffm 

[0 0 23] mi\zw^-tx 0 iz^ wnmrn^y^fu^ i 

iNb03 mm. LiTaOo m(^)tiMmUiihmmzx 

'y^xiz^y)mis.^tix\-^xi,x^\ tti. :^WMizt5 
nh&mmmii. iimmmmmfx^^K. mm^s 
M^j±«sK±(;z n om<^m.mmMUzmmx 

^i-oXhiW 

[0024] J±mS^2cO±ffl2 a±t^{i. XtlM I D 

Tstxai:^fiiDT3, 4tmf&^tix^^^. xmM 

DT3&t^'ai^f|iJIDT4{i:. SV^t^JfL 

-^^«Sg^^-f-|.< LftS*53a, 3 b, 4 a, 4b 

Sr*-r s „ I D T 3 mia^wi i d t 4 tt s 
mmmimijHt. ^ti^-ix(Dmmmtm3cthif\^x 

hh. tfz. A:']fiiDTat^'ai:^fiiDT4(±. 

[0 0 2 5] xmi I D T 3 tr . 

tcti I ^TFiTjtSgM 'J Pit 1 5 *s@SM§ tiT 

v^h. tiimiIDT^^ML■cllffi^s^EM:^l^ot 

*5 V rt FlSSgit^ PBT r ffi 2 (7)SM|| 6 ^IT V ^ 

[0 0 26] A^fflIDT3t. m\0y)m^'ih<7M 

(^m^mmn^msmim i d t 4 1 m 2 a^mm e 
k <^m(^mmmm^^±^z . m s c 7 mm ^tix\>^ 

I. M S C 7 (i: . A^ii I D T 3 M/nitim I D T 4 

^mi, m2</^mm5, e^ziinij^dmmmmifmz 

[0 0 27] *S»Ji^Wtt^Hiife7 Tli. K 

1^^ 5 , 6 MlI/^ZM SC7-^\ Alio ^>®JK<7)::'v^ ^ 



^mm^^m^-^xmf&^iixuh^ ^coi^^rAi j;^ 

tSJKi?)±#^#MM*^fcLT{i. MiH\ W. Ta. 
Au. Ag^^W^^ll>o 

[0 0 28] ^it. JilB^Wi. |i-tOA«WfttJ; 
Dfflfi!cLTi>J;V^;&i. IDTg|5(;)^^^^Al;&^^>^|.«® 

T-mtT i> J; 1.^, mz7K^m<^x d izwmmm^ 

mm<^A^^^mm±^zmmiox'^u'mtM-^tci i dt 

^ ffM L , ^t?)€St^RIMi**^'A^ V . I D 

Tcr)mW!a\X<DKMi}'X.^ < . S AWc7)X:t^;P^-*i I 
DTmxmtil)^(>tlhtzi^. SAWtl^lDTt-^i^im 

[00 29 ] ^hi^z. ^^mmmxu. mm 5 , 6s.t^' 

MSC7*^^^-t'rLt, A 1 j;OtSSt^A#^#«t;J: 

[0030] immm<m'mmw.y a jv9 1 xn. a 
:nmm)nDT3i,zx-n^ti^t^ymmm^K. ^ 

%i(r-)mm'^\z.m^->x{m%fi^.: ±f-. msc7i*i 
[ 0 0 3 1 ] fifi:^r. m 1 oR*f^ 5-cMlt$ix^77iS 

(i. ^EPCTS^-Ti^tC. MSC7|*Itt3V^T:^|tll:^ 

;t. tBMffliiDT4t^feMt-i>« nm.\z. %2<7^mm 

iJlDT4t3[t]>0^oTteM-r«.. %nX. fctiMiiJiDT 

A\,zii\^X^-him'^^^i\.h . 

[0032] imm\x\t. Jiiacoi; ^ tz^st^is , 6 

(mm^<7^-Wk~^\m-fh z. h »x% . ^mzi -,x>\^ 

< =5: -g. o J: T . ( G D 

(7)3itt^HjS7 ^yl-^ 10 1 (H2#HS) t ^. TIBO 

[0033] ( mmmmmm^y Emm 

«2c7)^Si«2X 1 . 8Xjj;2;.0. 4mm, AMIIJID 
T 3 aVaj^ii I D T 4 O^^tM = 2 5 A . mSf gtO>ft 
it=20M. m»^b°v^=l 9x;m, RM^5, 6{Z 

anhnMiff^Mi^ 1 5*. = 19.8 

//m, MSC7tfcftSXhiJ-y7°t»cmffi7 a<7)2jsi[= 
2 5. XbU-yT4M®7aOtM=3. 2/xm. =3r> -y 
T=3. Ixtm, 

[0034] {m2^z7f-.Ltz'ijtm\m±m) m2^z7f-.L 
Tzm-mmm ^ 1 0 1 i±. 105, 1 0 6 

a^nMfWA 1 T'S, 0 . R*f#s 1 0 5, 1 06 0«S 
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[0 0 3 5] ±fao j; 0 i^zmm 105, 10 ecomm 

i^c^)^SW3 0 0*i:f'U5t46. SMMUl 0 2C0^^ 
{±2X4. 5XJJ^0. 4mmi:^t;^r^>§'|,^#^ 

[ 0 0 3 6 ] [23 i±. mtmmmmm&y ^}v-9\(n 

[0037] ll3St^'ia4iOitlS/&^^>BJ^);&^=5rJ; o \,z. 

[ 0 0 3 8 ] 0 5 i±, t^wmm 2 c^mmmzi^^Wi't 

%2mmm(m'm'm.y A)^^ \ i-ci±. j±« 
a^i 2_ht, --ii(^vi~^~ujjt\,zi.^xx-hmi^ 

3-^-i5*3£1ittH*fi I DT 1 ^ifimL'^iVt\^ 

[0 0 3 9] t/i. I DTI 3T'JW§^I-l.^ffii^<7)e 
»ft](:t5V^T I DTI 3t^^^LTF;fSgEil^PSTTlS 

T 1 4-Cgfii5ix^,fllH]iSt')GJi^ffiIt;fcV>T, I DT 
1 4 t -CFjrStfgSi^ PIT 2 O^mm 1 6 :0^1dM 
S^lTV^So 5, 16(±. I DTI 

3, 1 4*«§ixTV^I.3— tfiS'mi^flL-^^ 

[0 04 0] mi , m2c'jRltf5l 5, 16{i;, 
tl. I DT 

13,14 xm^m^fihmMm\miysnzn\^xw^ 
^-y^n\z-m:fh^nzmt^fix\-^h. Mt. m^- 
o^epEfS^t-J; 3 1;. x-nm i dt 1 3 t'W$tLfc 

HHiffeS:. KWIs 15,16 m^ffl I DT 

I DTI 3, xbmm.'^ti 

[004 1 ] imwmzii\^x h . ±iBJ±msK 1 2 
i±. m 1 toii»jtfc(ti>j±€SK2 1 ^mmmfj-^ 
^j:hh(D^m^i^ki^x^h. tfz. mmi5, 1 

6 &^ifiSct-|>#««^Stt;o^^Ti±. A 1 i D C,gJSi?)± 

mm 15,16 tct5(ti>RiMi**^'Si^^.tii>t^T\ 
Kit^ 15,16 i^zm^mmmiowmimti ; t 
*^x-#i>„ ^t^. iDTi,z-?i^ximm(7)m%mwMi-i! 
mixm^^m. mikimo . 0 4iiijii7)*i^A 1 sr. 



0. 0 4*?iO:^ttt. Rlt^fclSItmS^fflV^iltf 

[ 0 0 4 2 ] 0 6 i±. m 2 (ommmcowimm'^y 4 jv 
9 1 i\,zm'^-ti>m^<r)ZJ^xmffmmm A)V9i:7f^ 
-fwmmxhh. ^(7:)m^(m'mm.y 4 )V9 1 1 1 

)±m«2 0 2±t, A^fi I DT 1 1 3m^^ 

ij I D T 1 1 Amf^zmm 115, 1 1 6 *\ z^m 

5ltt^HjS^:7 1 1 ix\i. ^n&t^K 1 tcj; 

mmKx\-^t<^x\ mmi 15,11 ecoKitf^ 

^-ri>Kl^tsl 15,1 I6^:m\^ti:»mm^^ts:^\ 
[0043] ioT, 05St^'06t^ibi^*^^.C>0fl'i<*^ 
t^J: 5 m2tOSJtfiJt*3V>T i , mm 15, lb 

m.y 4)V9ii <^^w.<^-^mmi{z;h^ < t- 1. ; t 
tfix'%i>. 

[0 044] H7(±, ^mmms<Dmmm\,z%m'\& 
mm^y 4 )V9 ^^-f^mmxh h . wmm&y 4 ;^ 

9 2 1 11± . SMMW. 2 2 ±ti3 V , A^fi I D T 2 
3, 2 4:{)^"M^§iXTV^I.„ f=5ri5^p. IDT23, 2 

[0045] IDT23 OUffliSfeffi^lt-J " /Jlit::}-! . 

mi<7)mm2 5t\ ^mm i d i ^ siMiKcKgt-ri, 

iot^idM^tLTV^S. lDT2 3<7^W.l(^mm2 5 

ifim.n^tix \^mb ^mmmmi^\,zii v ^xmm 

^2<7)^§^2 6^M§^l,TV^I.. ^2iORItfg 

2 6{i;, imLxMzmmm. mt(^w.A(^m^mz 
m--^xm-\-rh ^ o {zmmtixuh. ^mmmx 

>,i.m2(7^m^2 6\i.. IDT2 3j;0i)ffi$tlS^ 

wm\m)i^^znLxmmmz-^'th ii^\>zm 

[0046] IDT24 (^Mmmmii^-wmi. 
m 3 ff^mmt 2 7 mm mixv^h.m3 c^rm^ 2 

7 (±. feil LT § /i^ffiiS^ I D T 2 4 titc^Wrs J; 

oi^zmk^fix^^h. 

[0047] lV>T2A(DW.3(7^mA^2 1iim 

nhix\-^x^mb\iu.mmz\i^ m-mm^mxxmA 
(nm^ 2 8 ;&iieM$ tiT ^ ^ !> „ ^4 (T)mA^ 2 mi.. 
m2<7)mm2Gi}-t^\mLx^tzmmm i dt2 4 

A (Dmm 2 8a. i d t 2 4 ^zanhmmmmjin 

[0048] if-mmm^zm^x t . m 1 -^4^^^^^ 

2 5-2 8*iA 1 j; 0 CjgSoA^^^Mtcj; O^ffiSS 

fixv^t. ^-^x. mm25^2si>m\t-thz}i 
ii^x% I. „ I D Tmm-hwmmMmL^w&(7^i^ 
^mi>.z^^m^^nh. 
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[0049] ^mm-cu. Ami i d t 2 3 t«§ 

Itts 2 5 T-KIt S ^1. I D T 2 4 tomtit ^J^^-:" T § ^> 
WSffiLTlKo *LT. I DT2 4£0^f{iT(i, ^2 

# fzmmmtii i d t 2 4 i^*^-. T^its ^is , m-^ 
X. mmmnDT2 4X^%m^tL^^. tfz. idt 

2 4 ^.Srfflt^SS^MS^^cHMi. m 3 com^ 2 7 

■CMS^l. IDT2 4MSMt-|.« 

[ 0 0 5 0 ] iisii. m4<^m&mmm^mmmy 

< }v^(n^mmxhh , m^mM^-y ^ 3 1 xm^ 

J±€aS3 2±tC. A^ffl I DT 3 3 , 3 4 >; . 

3 5-3 8fc^«M§tlT^^I>» Z^X\l. IDT3 3 

(^mwmm-nnmm^z^ mi, m2iOJxit^3 5, 3 

6*«M§^iTl^S„ Klftl3 5, 3 6{i:. |±mSK3 

if-r s . § tL/iUHiSfi , I D T 2 4 (Ti^mmm 

^ i a LTRM§tlfc^Hjft*^\ m^'lli I DT 
3 4 03lffiigfSii*[*iMfit:lBa§ix^cm3 , 1^4 co^ 
St§|3 7, 3 8tJ;0^§^I. IDT3 4Mte*S-r 

\QQ3l^imwmzii\-^x^^. KWti3 5-3 8*i" 

A 1 J; D i;^EcOftt^«ff'C"«^ifrC^ *StO-C-\ mi 

-m 3 cosijfeMi: . mmm^y ^ )V9 <^Amt 

[0 0 521^1-^4 comtmxit. xwa iDTt 
mmiij I DTtm^b ^:^i-m^mmm7 4Ji^{z 
-^MmifztK :^mxu. 3i.iji<7)iDT^#-ri. 
m^mmmy^fvf^zmm-ti^bib^x^:^. 09 

-Mb Lxc^'yy-my 4)V9Mm-thtz^(D^mm 

xhh. 

[0 0 53] =y^'~my 4}V9Al X\i. WMMUA 2 
_ht;. mi~m5<7)IDT4 3-4 7:i)^"MI^$tLTV^ 

t^c.#iDT43~47 (^mmmmfi^mm 

^tl^'iX. U.Wi^A3a, 4 3b— 4 7a, 4 7b 
mm^flX\^h . ^LX . IDT43-47(i, 3j@ 

(^mmmmi^b 2\wmw^mi'fb ^^^m^m. 
mmmML%h i. o ^zm^mmm^tix^^^. 

ii. m9i,Zii{^X IDT43 , 4 5, 4 7(±. -ttl^' 

ti. m.mM^m'f^:mm-i tz^<^^ \ d Txh o . i d 

T4 4 , 4 6 ^MMMftS^ ^ ^ifi£^l> I D TXh h . 
IDT4 3tCA*S^4 9^\ I DT4 7 tCtfi^Si^5 
Ot\ IDT4 4, 4 6tT-XiSi^5 1 , 5 2/&ifSiE 

[00 54] immmi,Zii\-^X t . #RS^:^4 3 a-4 



5 . 1^-oX. mmA 3 a-4 7 hcDAmtiMh ^ i: 
^iT-§, tAt^Ta7^-S7^;l^^4 i^w<^>miti 
mh:Lbi?x^i,. 

[ 0 0 5 5 ] H 1 o{i. if.%m^z\mm'mmm ^ 
9 ^:m\^xmf&^timmm^m^my'n ^mxh 

6. HI OUfcl^T. ryx-M 6 It. r'^TP^'^ 

1 62mm^tix^^i. Trri-^^i 6 2 b^mm 

S^-^l 6 3 RF|a^«-rS5lttgffli|g7 
^ yl-^ 1 6 ARV^mm^ 1 6 5:5(^SMSilTV^S , § (:> 

i,z^^-^i6 3i,ziFm(ommmy^)V9i6 9timm 

§iiTv^.g.„ s;^^. ^^ru^^i6 2bmmmco^^ 
vi6 6b(7)rmzii. RFmmf^-tm^^ieiR 
wmmmmy^fi^ 1 6 smm^tixv^i^ 
[00 56 ] iiBiims 1 6 0 ^zmi I Fiatonffiis 
y^!u^i69b ix^^^m^zm-^xm^^^tLfz?fm 
mi^m^mzm^h^bm^h. *jii^hm{±, 

l^^^b S ^{i^lt^atX I D T ^ Sit Lfc*i^i^Kl^f^ 

[00 57 ] KMimimmumii^^Mzmm'^^m 

■^■m<7)m^tiiA^\>-^m:k^^-^^bibm^tix^-^i. t 
fz. v&<^mmmii. mmm^-tim^b^i^^ 
\^^^^mm^ib^i^^i^i^tixi5^. mm<^m^m\>^ 
m/i,zmmmmtm^-^i^b'mimti-:k^<^^ 

[0058] immmit. STilyh90' feM*^ 

s:K_ht. Ta. ^-mK\-h^^^j:t^mmifmL. 
^c^mi%m^wmmm {FEU) xt\%Ltz. 

{i. A\ii-^^^j:hmm(^2Q^^^Xh-^fz, ^LX. 

w&<7^mm},i. nm^^fzmm.<r)mMwmm 
btmpi^^tifz, 

[0059] ^IX. STX? -y b 9 0 ° imyK^B&U 
(^^y-n [0°, 12 0-145°, 90°]), 

3 6° mmMximLiTaOsm.u4y~n 

[0° , 1 26° , 0° ] ) Rt/YA'yhXmmhiN 

ho^mm (y^^y-n [o° , 90° , 0° ] ) 
mfbMfftkSp . (H/A) bcomm^i^fz. tc 
1— iMi si/z^Ts-t. 

[0060]Hll{i:ST^.yb90° fSffi*HliSK^ 
fflV^fcil^^, HI 2^3 6° HfKYSXfeffiLiTa 
OgaS^ffl^^/Sti^t^lS*^. Hl3aY^-ybX^ 

[0 0 6 1 ] HI 1— HI 3tci^uT, i^ii7°n-tx± 
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mffio;^^5>f-fe'-^3>'jt^tii5iLTo. oinm 

1 ;&^^.^l.mS^ffML/-c*I^Ok2 p ( H/ A ) J; 0 
i^#^k2p (H/A) ^^^-rteSia. Rftf^W^A 

1 j: 19 S TtJt b 9 0 ° XfeffiTK^^^fflv^/i^-^. 

mS^^'Au^^A,^:!,*!-^, H/ASrO. 0 0 7 — 0. 0 
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